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Anthropology

A Comprehensive Case Report for the University of Montana Forensic Anthropology Laboratory
Case #18-188
Committee Chair: Dr. Randall R. Skelton
This report consists of the skeletal remains, assessment of the minimum number of individuals, a
biological profile analysis and a literature review on pathology analyses for forensic
anthropology case reporting. The human remains are consistent with a MNI of one. The
individual is likely an adult male of European ancestry with an estimated age range of 30 to 50
years at time of death. This individual has a probable forensic stature of 5’3’’ to 5’4’’. This
individual may be identified by the burr hole or trepanation located on the frontal bone as there
are likely medical records for this procedure.
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Introduction
A forensic analysis was completed for case #18-188 to determine age, sex, ancestry,
stature and dentition along with trauma and associated pathologies. Before biological profile
analysis could be performed, several general observations are noted here.
A skeletal inventory was completed in order to assess the minimum number of
individuals (MNI) for case #18-188. In addition to the MNI determination, the presence and
condition of the skeletal remains was documented. The remains consist of completely
skeletonized cranial and post-cranial elements in relatively good condition (Figure 1). The bones
present include a complete crania and mandible. The following dentition are present: a right
maxillary central incisor, a right maxillary lateral incisor, a right maxillary canine, a right
maxillary first premolar, a right maxillary first molar, a left maxillary lateral incisor, a left
maxillary canine, a left maxillary second premolar, a left maxillary first molar, a right
mandibular central incisor, a right mandibular lateral incisor, a right mandibular first premolar, a
right mandibular second premolar, a left mandibular central incisor, a left mandibular lateral
incisor, a left mandibular canine, a left mandibular first premolar and a left mandibular third
molar (Figure 13). In addition, the right clavicle, both scapula, humeri, ulnae, and radii are
present. Furthermore, the sacrum, the left and right os coxae, both femora, both tibiae, and both
fibulae are present. Lastly, 7 cervical vertebrae, 12 thoracic vertebrae, and 5 lumbar vertebrae are
present along with 11 left ribs, 11 right ribs, and two unsided rib fragments. Based on the complete
skeletal remains with no repeating elements, the MNI is determined to be 1.
While the centrum and neural arch are present for all vertebrae, there is damage to the spinous
process of C-3, C-4, T-4, T-5 and T-6. There is transverse process damage to C-7, T-4, T-5, T-6, T-9, T1

10 and L-5. Vertebrae T-9 and T-10 appear to be the most damaged. This may be the result of pathology
or trauma resulting from processing of this individual. A taphonomic section is not included in this
analysis as the remains were processed at the Montana State Crime Lab prior to being received by the
University of Montana Forensic Anthropology Laboratory (UMFAL).
Background
This is considered a modern forensic case as this individual was found on the West bank of the
Clark Fork River in Missoula County on 19 July 2018. This individual is unidentified. An autopsy was
performed on this individual indicating soft tissue was removed and the bones were processed at the
Montana State Crime Lab.
Literature Review

On the frontal bone of the cranium, near the coronal suture, is a circular pathology
measuring 12.25 by 15.28 millimeters (Figure 2). At first, this pathology is similar to a
tuberculosis lesion. While the skull is an unusual area to be infected by tuberculosis, the cranial
vault is the most common location for cranial tuberculosis (Roberts and Buikstra, 2019).
Specifically, tuberculosis is most prevalent in the frontal bone of a cranium as opposed to other
effected areas such as the cranial base and face (Roberts and Buikstra, 2019). While the lesion
on the frontal bone of case # 18-188 is similar to the description of tuberculosis in that “the
lesion is a round lytic focus of not more than 2 cm in diameter, with or without a ‘moth-eaten’
central sequestrum, terminating in complete perforation of the inner and outer tables,” (Roberts
and Buikstra, 2019: 382), tuberculosis is an unlikely diagnosis for this individual. In order for a
tuberculosis lesion to appear on the cranium, this individual would have to exhibit secondary
complex tuberculosis. This means the individual would have to present advance stages of
tuberculosis evident on other skeletal elements such as the ribs, prior to tuberculosis being
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evident in the cranium (Table 1). Thus, since no evidence of tuberculosis is present throughout
the post-cranial skeleton, it is unlikely a singular lesion of tuberculosis would be present on the
cranium, (Roberts and Buikstra, 2019). While the lesion on the frontal bone is unlikely to be the
result of tuberculosis, it does resemble a syphilitic lesion.
Venereal syphilis in skeletal remains is classified as a tertiary stage or rather, the most
advance stage. Of all tertiary bone lesions, 70% appear on the tibia, the bones surrounding the
nasal cavity and on the skull, (Roberts and Buikstra, 2019). While this lesion is similar in appear
to the characteristic “carries sicca” or “circular and rolled up inwards” appearance of syphilis, it
again is an unlikely diagnosis for this individual. The lesion present on the frontal bone of the
cranium exhibited in case # 18-188 is probably not the result of syphilis as there is no evidence
of syphilis in the nasal and palatine bones, (Roberts and Buikstra, 2019). Since the lesion
located on the frontal bone of this individual is not likely to be caused by tuberculosis or syphilis,
a pathological explanation is not probable.
The probable cause of this lesion may be the result of trepanation. Trepanation is the
“practice of drilling or scraping a hole into the skull’s cranial vault to expose the brain’s dura
mater,” (Gross, 2012) in order to alleviate pressure within the skull caused by brain injuries or
infection. Trepanation has a long history as one of the world’s oldest surgeries; it is believed that
trepanation was first practiced among the prehistoric populations of Peru in the Early
Intermediate Period, (Gross, 2012). Furthermore, it has been practiced in nearly every culture
from ancient Greece and Rome, to cultures in Africa, Asia and the Pacific Islands (Gross, 2012).
While trepanation was practiced in several parts of the world, it was performed for different
reasons. In places such as South America, trepanation was performed with evidence of blunt
force trauma, which suggests the practice of trepanation was used as a treatment. However in
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places such as Western Europe, the surgery was performed to release evil spirits, insanity and
epilepsy (Gross, 2012). Moreover, trepanation was successful, with a 50-70% success rate; this
is evidenced by healing in the cranial vault. Not only was trepanation successful-but also, in
many skeletal remains, roughly 33% had more than one trepanation in the crania, indicating that
the procedure was performed more than once in the same patient (Gross. 2012).
While trepanation is traditionally acknowledged in an archaeological context, the medical
procedure still has modern applications as well. In a modern context, trepanation is used for the
relief of epidural and subdural hematomas (Han et al., 2009). This is caused by trauma to the
brain resulting in bleeding between the skull and the dura or bleeding between the dura and the
arachnoid (Han et al., 2009). Both conditions require surgical intervention called a burr hole
trepanation to drain the bleeding and relieve pressure from the brain. The location and size of
the burr hole is dependent on location and severity of the injury, but burr holes generally have
specific locations on the frontal, parietal, temporal and middle meningeal artery (Figure 3), (Han
et al., 2009). Modern burr holes also tend to be 3 by 3 centimeters due to the perforator or burr
bit instrument utilized. Unlike their ancient predecessors, these burr holes are more likely to be
perfectly circular.
Another modern example in which trepanation is utilized is that of cochlear implants. A
cochlear implant is a small medical device with internal and external attachments. The internal
attachment is a small electronic device that electronically stimulates the cochlear nerve or the
nerve used for hearing (James et al, 2004). The actual trepanation for this device is distinctive as
it is always placed on the temporal bone near the mastoid process of the cranium. Furthermore,
this form of trepanation will exhibit extensive healing throughout the lifetime of the receiver
(James et al, 2004). Overall, it is unlikely that the trepanation on the frontal bone of the
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individual for case #18-188 is caused by a cochlear implant due to the location of the exhibited
lesion. It is however likely that this circular trauma is the result of a premortem and modern
medical surgery. Again, the circular lesion on the frontal bone of this individual is almost
perfectly circular and fits within the 3 cm by 3 cm criteria of a burr drill hole. It also resembles
the location of a burr hole trepanation on the frontal bone of a cranium as illustrated in Figure 3.
Materials and Methods
To perform a forensic assessment for case #18-188, several methods were utilized to
achieve estimations of age, sex, ancestry, stature, pathology and trauma. For aging of the
individual, methods relating to the cranial sutures, the pubic symphyseal surface, and the
auricular surface were employed. An age assessment using cranial suture sites was analyzed
using the Meindl and Lovejoy (1985) method (Buikstra and Ubelaker, 1994). First, the vault
sites to include the midlambdoid, lambda, obelion, anterior sagittal and bregma were used to
create a composite score which was then associated with an “S” designation or subsequent age
phase (Buikstra and Ubelaker, 1994). Next, a composite score was created for the following
lateral-anterior sites: pterion, midcoronal, sphenofrontal, inferior sphenotemporal and superior
sphenotemporal. This composite score was similarly associated with an “S” designation to
create an overall age estimation (Figure 4).
Furthermore, the pubic symphyseal surface was assessed using the Todd (1920) and
Suchey-Brooks (1990) method. The Todd pubic symphysis scoring system (Buikstra and
Ubelaker, 1994) used ten phases and their corresponding descriptions to determine age in an
individual while the Suchey-Brooks pubic symphysis scoring system used similar descriptions to
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translate age into six phases. The pubic symphyseal surface of the left innominate from case
#18-188 was categorized into one of these phases using the respective scoring system.
Lastly, age estimation was determined for case #18-188 using the auricular surface of the
ilium. Specifically, the superior demiface, inferior demiface, rectroauricular area, the
preauricular surface and the apex of the auricular surface was analyzed using the Lovejoy (1985)
method and the Buckberry and Chamberlain (2002) method. The scoring system for the Lovejoy
(1985) method includes matching the auricular surface to a description of corresponding phases
and subsequent ages. Moreover, a new method of analysis was used in determining age from the
articular surface of the ilium by Buckberry and Chamberlain (2002). This system is a revised
method of the Lovejoy aging system utilizing the same skeletal feature, but differs in that the age
related stages for different features of the articular surface are graded independently to provide a
composite score which is then correlated to the estimates for age-at-death as established by
Lovejoy (Buckberry and Chamberlain, 2002).
First, a composite score is recorded for transverse organization with scores ranging from
1-5. A score of 1 dictates that 90% or more of the auricular surface is transversely organized
while a score of 5 denotes that no transverse organization is present. Next, surface texture is
scored from 1-5 with a score of 1 being 90% or more of the auricular surface is finely granular
and a score of 5 being 50% or more of the surface is occupied by dense bone. Furthermore,
microporosity and macroporosity is scored from 1-3 with 1 meaning no micro or macroporosity
is present on the demiface and a 3 meaning micro or macroporosity is present on both demifaces.
Lastly, following suit is the scoring system for apical changes which ranges from 1-3. A score of
1 illustrates that the apex is sharp and distinct and the auricular surface may be slightly raised
relative to adjacent bone surface while a score of 3 illustrates that the apex irregularly occurs in
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contours of auricular surface and the shape of the apex is no longer a smooth arc (Buckberry and
Chamberlain, 2002). These individual scores are lastly added together to create a composite
score which is then translated to the Lovejoy aging system; a composite score of 5-6 translates to
stage I while a composite score of 17-19 correlates to stage VII.
Sex
For sexing of the individual, sex estimation using non-metric features of the pelvis, nonmetric features of the skull, sexing of the femur and the humerus using post-cranial
measurements and visual methods for sexing of the os pubis were utilized. Sex estimation was
analyzed using non-metric features of the pelvis according to the Klales (2012) method. This
method uses a logistic regression equation as well as linear discriminant functions to determine
sex by scoring the following features of the pelvis: the sub-pubic concavity, the medial
ischiopubic ramus and the ventral arc. Each feature is given a score from 1 to 5 with 1
representing a more feminine pelvis and 5 being a more masculine pelvis. Furthermore, sex
estimation was analyzed using non-metric features of the skull according to the Walker (2008)
method. This method also uses a logistic regression equation to determine sex based on scoring
of the following cranial characteristics: the nuchal crest, the mastoid process, the supraorbital
margin, the glabella and the mental eminence. Again, each characteristic is rated from 1 to 5
with 1 being more gracile or feminine features and 5 being more robust or masculine features.
Moreover, sexing of the femur and the humerus using post-cranial measurements and
visual methods of the os pubis were utilized in assessing sex for individual #18-188. Post-cranial
measurements include 44 measurements of 11 elements to the nearest millimeter. All
measurements utilized the left side. These measurements were used with FORDISC 3.0 (Jantz

7

and Ousley, 2005) to analyze sex. Also post-cranial measurements were used to sex an
individual using the femur; the following measurements are utilized: maximum diameter of the
femoral head (Stewart, 1979), the circumference of the mid-shaft (Black, 1978), and the
maximum length of the femur (Thieme, 1957). This method estimates that a male individual will
have a maximum diameter of the femoral head over 47.5 millimeters, a circumference of the
femoral mid-shaft greater than 81 millimeters, and a maximum length of the femur greater than
455 millimeters. Measurements of a female individual will be less than 42.5 millimeters for the
maximum diameter of the femoral head, less than 81 millimeters for the mid-shaft
circumference, and less than 415 millimeters for the maximum length for the femur. Sexing of
the humerus uses the following measurements: the vertical diameter of the humeral head
(Stewart, 1979) and the maximum length of the humerus (Thieme, 1957). For a male individual,
measurements of the vertical diameter of the humeral head are greater than 47 millimeters and a
maximum humeral length is greater than 340 millimeters. A female individual will have a
vertical diameter of the humeral head less than 43 millimeters and a maximum length of the
humerus less than 300 millimeters.
Lastly, a sex determination was assessed using visual methods of the os pubis according
to Phenice (1969); Buikstra and Ubelaker (1994). This method consists of using visual
assessments in rating the ventral arc, the subpubic concavity and the ischiopubic ramus ridge
from 1 to 3; the greater sciatic notch from 1-5 and the preauricular sulcus from 0-4.
Ancestry
For estimating ancestry of the individual, cranial measurements and FORDISC 3.0,
macromorphoscopics, nonmetric traits assessment and measurements of the scapula were used.
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First, ancestry was determined using 34 measurements of the crania. These measurements were
taken with a spreading and sliding caliper and further recorded to the nearest millimeter. When
applicable, measurements were taken on the left side. Furthermore, these measurements were
used with FORDISC 3.0 under modern populations which results in a two group discriminant
function test. This method classifies the individual into an ancestry based on probabilities and
distance from other groups. All available ancestries were utilized in FORDISC 3.0 for this test
until two ancestries could be narrowed down by reaching a posterior probability close to 1.0.
These ancestries were European and African American.
Next, ancestry was assessed using macromorphoscopics and the optimized summed
scored attributes (OSSA) scoring sheet. This method uses the following characteristics to create
a predicted ancestry: anterior nasal spine, nasal aperture width, inferior nasal aperture, nasal bone
contour, interorbital breadth and post-bregmatic depression. Each characteristic is thus given an
appropriate score. The anterior nasal spine is scored from 1 to 3. A score of 1 means slight, 2
means intermediate and 3 means marked. The nasal aperture width is similarly scored from 1 to
3. A score of 1 denotes a narrow aperture width, a score of 2 denotes a medium width and a
score of 3 denotes broad aperture width. The inferior nasal aperture is scored from 1 to 5. A
score of 1 indicated the nasal aperture has a pronounced slope while a score of 2 is a moderate
slope. A score of 3 indicates the nasal aperture is straight and a score of 4 indicates the nasal
aperture has a partial sill while a score of 5 indicates the inferior nasal aperture has a sill. The
nasal bone contour is scored from 0-4. A score of 0 illustrates a low or round nasal bone contour
while a score of 1 illustrates an oval shape, 2 illustrates a steep and marked plateau, 3 illustrates a
steep and narrow plateau and lastly a score of 4 illustrates a triangular nasal bone contour. The
interorbital breadth is scored from 1 to 3. A score of 1 means the interorbital breadth is narrow
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while a score of 2 means the interorbital breadth is intermediate and a score of 3 means the
interorbital breadth is wide. The last scored characteristic is the post-bregmatic depression. The
post bregmatic depression is either given a score of 0 or 1. A score of 0 means there is no postbregmatic depression present and alternatively, a score of 1 means a post-bregmatic depression is
present. This method results in an overall summed score and a summed compressed score in
order to give a predicted ancestry.
Furthermore, nonmetric traits assessment was used in determining ancestry. For this
method, nonmetric traits in determining ancestry based on the cranium Rhine (1990) and Gill
(1995) were used along with primary nonmetric traits assessment by Buikstra and Ubelaker
(1994). For the Rhine and Gill methods, the following elements or characteristics of the crania
were analyzed: the incisors, zygomatics, prognathism, palate, cranial sutures, nasal spine, chin,
ascending ramus, palatine suture, zygomatic tubercle, incisor rotation, nasal profile, sagittal arch,
wormian bones, nasals, nasal aperture, zygomaticomaxillary suture, dentition, nasal sill, nasion,
cranial vault, mandible, inion hook and post-bregmatic depression. The other method by
Buikstra and Ubelaker used the following elements or characteristics in analyzing ancestry: the
metopic suture, supraorbital notch, supraorbital foramen, infraorbital suture, multiple infraorbital
foramina, zygomatico-facial foramina, parietal foramen, sutural bones, inca bone, condylar
canal, divided hypoglossal canal, flexure of the superior sagittal sulcus, foramen ovale
incomplete, foramen spinosum incomplete, pterygo-spinous bridge, pterygo-alar bridge,
tympanic dehiscence, auditory exostosis, mastoid foramen, mental foramen, mandibular torus,
mylohyoid bridge, atlas bridging and septal aperture.
The last method utilized in determining ancestry for case #18-188 involved
measurements of the scapula. This method (Krogman 1962) used a scapular index to predict
10

ancestry. The scapular index is equal to the maximum breadth of the scapula multiplied by 100
and divided by the maximum length of the scapula. The scapular index is then compared to a
range of scores from known population data. The scapular index correlates to a range of
averages within sex and ancestry.
Stature
For estimating stature, methods by Trotter (1970), FORDISC 3.0 and a short regression
formula (Duyar et. al, 2005) were utilized. For the Trotter (1970) stature estimation, an ancestry
specific formula is used. The formula uses the femur maximum length, the fibula maximum
length and the humerus maximum length to produce a point estimate, a prediction interval and a
predicted stature range in inches. Moreover, in FORDISC 3.0 these measurements are used to
create a predicted forensic stature. Again, stature is calculated by ancestry and a 90%
predication interval or confidence probability of the estimation. This method uses a population
of 20th century forensic statistics.
Forensic stature was further analyzed using a new method of stature estimation using a
short regression formula, (Duyar et. al, 2005). This formula is based on different categories of
stature groups: short, medium, and tall. For case #18-188, the ulna short regression equation,
tibia short regression equation as well as ulna and tibia short regression equation was used. The
ulna short regression equation is 1313.48 plus 1.133 times the maximum length of the ulna in
millimeters equals stature. The tibia short regression equation is 753.89 plus 2.421 times the
maximum length of the tibia in millimeters equals stature. Lastly, the ulna and tibia short
regression equation is 728.82 plus 0.255 times the maximum length of the ulna in millimeters
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plus 2.307 times the maximum length of the tibia in millimeters equals stature. Overall, these
three stature estimations are averaged to give overall forensic stature estimation.
Dentition
The dentition for this case was analyzed using a dental inventory visual recording form of
permanent dentition taken from Standards (Buikstra and Ubelaker, 1994) as well as a
antemortem dental modification recording form, and a dental inventory recording form of
development, wear and pathology for permanent teeth. Furthermore, case #18-188 received
dental x-rays and analysis from the Curry Dental Health Center at the University of Montana.
The dental inventory visual recording form of permanent dentition “assigns numbers 1-32
to the permanent dentition, beginning with the maxillary right third molar (1), continuing to the
mandibular right third molar (32),” (Buikstra and Ubelaker, 1994: 47). On this recording form,
not only the absence or presence of dentition is noted but conditions such as fillings, carious
lesions and calculus are indicated as well. For the premortem dental modifications recording
form, modifications such as filings, drillings with or without inlays, dental restorations and
appliances, dental wear associated with artifact use or production and tooth ablation are
categorized.
Moreover, the dental inventory recording form for development, wear and pathology are
organized into categories such as tooth presence, development, wear, caries, abscess and
calculus. For the tooth presence category, teeth are coded on a scale of 1-8. A score of 1 means
the tooth is present but not in occlusion, a score of 2 means the tooth is present-the development
is completed and in occlusion, a score of 3 means the tooth is missing with no associated alveolar
bone, a score of 4 means the tooth is missing with alveolus resorbing or fully resorbed indicating
12

the tooth is a premortem loss, a score of 5 means the tooth is missing with no alveolar resorption
indicating the tooth is a postmortem loss, a score of 6 means the tooth is missing as a congenital
absence, a score of 7 means the tooth is present but damage renders measurement impossible
though other observations are recorded and a score of 8 means the tooth is present but
unobservable.
The scoring system for the wear is assigned to 8 stages. These stages are specific to the
incisors and canine, the premolars and the molars. These descriptions can be found in Figure 5
and Figure 6 of the Appendix. The scoring system for caries is on a scale of 0 to 7. A score of 0
indicates that no lesion is present. A score of 1 indicates that there are carious lesions on the
occlusal surface. A score of 2 indicates that there are carious lesions on the interproximal
surfaces while a score of 3 indicates that there are caries on the smooth surfaces. A score of 4
indicates that there are cervical caries present while a score of 5 indicates that there are root
caries below the CEJ (cervicoenamel junction). A score of 5 indicates that there are large caries
that have destroyed so much of the tooth that they cannot be assigned a surface of origin and
lastly a score of 7 indicates that there is noncarious pulp exposure on the tooth. Lastly, this
method includes a scoring system for calculus. Calculus is reported as 1 meaning no calculus is
present, 1 meaning a small amount of calculus is present, 2 meaning a moderate amount of
calculus is present, 3 meaning a large amount of calculus is present and 9 meaning calculus is
unobservable. This method furthermore has a scoring system for abscesses but it is not described
here as it was not observed in this individual.
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Pathology & Trauma
To analyze pathology and trauma for case #18-188, the following references were
utilized: Ortner’s Identification of Pathological Conditions in the Human Skeletal Remains
(Buikstra, 2019), The Human Bone Manual (White and Folkens, 2005) and Standards for Data
Collection from Human Skeletal Remains (Buikstra and Ubelaker, 1994). Abnormalities for this
individual were noted and then referenced to these materials to aid in identifying pathologies for
this case.
Results
In regards to the cranial suture (Meindl and Lovejoy, 1985; Buikstra and Ubelaker, 1994)
age assessment for case #18-188, the vault sites resulted in a 10 composite score which is equal
to an “S” phase of S3. The estimation based on the vault sites indicates that this individual was
between the ages of 27-44 with a mean age of 38 at time of death. The lateral anterior sites
resulted in a composite score of 14 and an “S” phase of S7. The S7 phase indicates that this
individual was between the ages of 47-60 with a mean age of 56 at time of death.
The age assessment utilizing the pubic symphysis for the Todd (1920) method resulted in
a score of 5 for the left innominate and 5 for the right innominate. This results in an age estimate
of 27-30 years old at time of death. The Suchey-Brooks (1990) method resulted in a score of 4
for the left innominate and 4 for the right innominate. This produces an estimate of 35 years of
age at time of death. Furthermore, the auricular surface resulted in a score of 3 for the left
innominate and 4 for the right innominate. This method estimates the individual to be 30-39
years old at time of death.

14

Lastly, the age estimate utilizing the revised method from the auricular surface of the
ilium by Buckberry and Chamberlain (2002) produced the following results: the transverse
organization was given a score of 3, the surface texture was given a score of 3, microporosity
was given a score of 1, macroporosity was given a score of 1 and apical changes was given a
score of 2. This cumulated in a composite score of 10 which resulted in an age stage of 3. This
creates an age estimation of 30-34 years old at time of death for this individual.
Sex
The sex estimation using non-metric features of the pelvis resulted in a score of 4 for the
subpubic concavity, a score of 3 for the medial ischiopubic ramus, and a score of 4 for the
ventral arc. The logistic regression equation estimates this individual to be a probable male with
a 93% confidence probability (Figure 7). Furthermore, the sex estimation utilizing the nonmetric features of the skull resulted in a score of 4 for the nuchal crest, a score of 4 for the
mastoid process, a score of 2 for the supraorbital margin, a score of 3 for the glabella and a score
of 4 for the mental eminence. The logistic regression equation also concludes this individual to
be a probable male with a 97% percent confidence probability (Figure 8). Sexing using
measurements of the femur resulted in 44.23 millimeters for the maximum diameter of the
femoral head, 96 millimeters for the circumference of the mid-shaft, and 438 millimeters for the
maximum length of the femur. The results of sexing using measurements of the humerus were
46.82 millimeters for the vertical diameter of the humeral head and 307 millimeters for the
maximum length of the humerus.
Lastly, the sex determination using visual methods of the os pubis according to Phenice
(1969); Buikstra and Ubelaker (1994) resulted in the same score for both the right and the left
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innominate. The ventral arc was given a score of 3, the subpubic concavity was given a score of
3, the ischiopubic ramus ridge was given a score of 3 and the greater sciatic notch was given a
score of 4. The preauricular surface was not given a score as it was absent in this individual.
Overall, these results conclude the individual was a probable male.
Ancestry
The results of using cranial measurements and FORDISC 3.0 to predict ancestry
estimated the individual to be of European descent. The ancestry results did not include
measurements for the palate breath, the mastoid height, the mandibular length or the orbital
breath. FORDISC determined using a two group discriminant function test that the individual
was a white male with a 99% posterior probability, a typicality F of 8.9%, a chi typicality of
0.0% and a typicality R of 2.6% (Figure 9). Moreover, the results of the macromorphoscopics
(Figure 10) and OSSA scoring sheet (Figure 11) also concluded the individual was of probable
European ancestry. The score for the anterior nasal spine was 3, the score for the nasal aperture
width was 1, the inferior nasal aperture was given a score of 5, the nasal bone contour was given
a score of 2, the interorbital breath was given a score of 3 and the post-bregmatic depression was
given a score of 0. This produced a sum score of 5 and subsequently a European predicted
ancestry.
Next, the following characteristics of the nonmetric traits assessment based on the
cranium were considered to be of European ancestry: blade formed incisors, limited
prognathism, parabolic palate, long-projecting nasal spine, and a present inion hook. The
following characteristics were considered to be of African American ancestry: low flat nasals,
wide nasal aperture, large molars and low cranial vault. Lastly, the following characteristics
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were considered to be of Native American ancestry: straight palatine suture, concave-convex
nasal profile, and angled zygomaticomaxillary suture. The zygomatics, chin, ascending ramus,
zygomatic tubercle, incisor rotation, sagittal arch, wormian bones, nasal sill, nasion, mandible
and post-bregmatic depression was not assessed. Lastly, measurements of the scapula produced
a scapular index of 75.08 indicating an African American ancestry.
Stature
The results of the Trotter (1970) method for European ancestry estimate the height of the
individual to be between 62-65 inches or 5’2’’- 5’5’’. The point estimate using the maximum
length of the femur was 64.28 inches with a prediction interval of 2.8%. The predicted stature
range was 62.99 to 65.57 inches in height. The point estimate for the maximum length of the
fibula was 64.24 inches. The prediction interval was not calculated by Todd (1920). The
predicted stature range was 62.94 to 65.54 inches in height. Lastly, the point estimate for
European ancestry using the maximum length of the humerus was 63.87 inches with a prediction
interval of 3.3%. The predicted stature range was 62.28 to 65.47 inches. Although the ancestry
of this individual is likely European, stature estimates were calculated for African American
ancestry as well for comparison. The point estimate using the maximum length of the femur was
63.25 inches with a prediction interval of 4.0%. The predicted stature range was 61.70 to 64.80
inches in height. The point estimate using the maximum length of the fibula was 63.12 inches.
The prediction interval was not calculated by Todd (1920) however, the predicted stature range
was 61.52 to 64.73 inches in height. Lastly, the point estimate using the maximum length of the
humerus was 62.70 inches with a prediction interval of 4.4%. The predicted stature range was
60.95 to 64.44 inches in height.
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When the post-cranial measurements were used with FORDISC 3.0 using European male
ancestry, the results concluded that predicted forensic stature for the individual was between 62.4
to 68.9 inches with a confidence interval of 90% (Figure 12). Lastly, the short regression
formula for the ulna resulted in an estimate of 62.99 inches or an individual which is 5’3’’ tall.
The short regression formula for the tibia resulted in an estimate of 63.99 inches or an individual
which is 5’4’’ inches tall. The ulna and tibia short regression formula resulted in an estimate of
63.84 inches or 5’3’’ tall.
Dentition
The results for the dental inventory visual recording form for permanent dentition include
the presence of the following dentition in abbreviation: RI1, RI2, RC1, RP1, RM1, LI2, LC1, LP2,
LM1, RI1, RI2, RC1, RP1, RM3, LI1, LI2, LC1, LP1 and LP2. Additionally, the results of the
premortem dental modifications recording form indicated that the individual had aesthetic
modification in the form of a filling on the left and right maxillary first premolar. The left and
right second and third molars have been removed possibly through tooth ablation. The
mandibular left first, second and third molars may have also been removed via tooth ablation
along with the right first and second molars.
The results of the dental inventory recording form for development, wear and pathology
for permanent teeth are as follows: the tooth presence for RM3 was given a score of 4, RM2 was
given a score of 4, RM1 was given a score of 2, RP2 was given a score of 4, RP1 was given a
score of 7, RC1 was given a score of 7, RI2 was given a score of 2 and RI1 was given a score of 2.
The score of 8 was assigned to LI1, a score of 2 was assigned to LI2, a score of 2 was assigned to
LC1, a score of 4 was assigned to LP1, a score of 2 was assigned to LP2, a score of 2 was
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assigned to LM1, a score of 4 was assigned to LM2, and a score of 4 was assigned to LM3. LM3
LM2 and LM1 were given a score of 4, LP2, LP1, LC1, LI1 and LI2 were given a score of 2. RI1,
RI2, RC1, and RP1 were given a score of 2 while RP2, RM1, and RM2 were given a score of 4.
RM3 was given a score of 7.
For wear, RM3 was given a score of 0, RM2 was given a score of 0, RM1 was given a
score of 3 for each cusp, RP2 was given a score of 0, RP1 was given a score of 7, RC1 was given a
score of 7, RI2 was given a score of 6 and RI1 was given a score of 5. The score of 8 was
assigned to LI1, a score of 3 was assigned to LI2, a score of 5 was assigned to LC1, a score of 0
was assigned to LP1, a score of 3 was assigned to LP2, a score of 3 was assigned to each cusp for
LM1, a score of 0 was assigned to LM2, and a score of 0 was assigned to LM3. LM3 LM2 and
LM1 were given a score of 0, LP2 was given a score of 6, LP1 was given a score of 7, LC1 was
given a score of 3, and LI1 and LI2 were given a score of 4. RI1 and RI2 were given a score of 4,
RC1, and RP1 were given a score of 3 while RP2, RM1, and RM2 were given a score of 0. RM3
was given a score of 10.
For the caries, RM3 was given a score of 0, RM2 was given a score of 0, RM1 was given a
score of 1, RP2 was given a score of 0, RP1 was given a score of 6, RC1 was given a score of 6,
RI2 was given a score of 5 and RI1 was given a score of 4. The score of 6 was assigned to LI1, a
score of 5 was assigned to LI2, a score of 5 was assigned to LC1, a score of 0 was assigned to
LP1, a score of 2 was assigned to LP2, a score of 1 was assigned to LM1, a score of 0 was
assigned to LM2, and a score of 0 was assigned to LM3. LM3 LM2 and LM1 were given a score of
0, LP2 was given a score of 5, LP1 was given a score of 4, and LC1, LI1 and LI2 were given a
score of 0. RI1, RI2, RC1 were given a score of 0, and RP1 were given a score of 5 while RP2,
RM1, and RM2 were given a score of 0. RM3 was given a score of 6.
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Lastly for calculus, RM3 was given a score of 0, RM2 was given a score of 0, RM1 was
given a score of 3, RP2 was given a score of 0, RP1 was given a score of 9, RC1 was given a score
of 9, RI2 was given a score of 9 and RI1 was given a score of 2. The score of 9 was assigned to
LI1, a score of 3 was assigned to LI2, a score of 3 was assigned to LC1, a score of 0 was assigned
to LP1, a score of 3 was assigned to LP2, a score of 3 was assigned to LM1, a score of 0 was
assigned to LM2, and a score of 0 was assigned to LM3. LM3 LM2 and LM1 were given a score of
0, LP2, LP1, LC1, LI1 and LI2 were given a score of 3. RI1, RI2, RC1, and RP1 were given a score
of 3 while RP2, RM1, and RM2 were given a score of 0. RM3 was given a score of 9.
The results of the dental x-rays and analysis can be seen in the Appendix as Figure 13-24.
These results were not used to assess age in this individual but rather to evaluate the extent of
dental care this individual has received. These results may potentially provide a positive
identification of this individual compared with antemortem dental records.
Pathology & Trauma
Analysis for pathology includes a possible burr hole or trepanation on the left side of the
frontal bone measuring 12.25 x 15.28 mm. There is osteoporosis on the inferior side of the left
clavicle (Figure 25) and the inferior side of the right clavicle (Figure 26). There is osteoporosis,
as described as an increased porosity of bone (White & Folkens, 2005) on the anteroinferior and
posterosuperior left side of the sacrum (Figure 27 & 28). There are osteophytes, as described as
a small and abnormal bony growth (White & Folkens, 2005) on the iliac crest (Figure 29) and
ischial tuberosity of the left os coxae (Figure 30). The right os coxa has osteophytes on the
preauricular surface (Figure 31), the iliac crest (Figure 32) and the ischial tuberosity (Figure 33)
and osteoporosis on the ischial spine (Figure 34) and the auricular surface (Figure 35).
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Furthermore, there are osteophytes on the spinal process of C-2 (Figure 36) along with
osteoporosis on C-3 and C-4 (Figure 37) as well as on T-4, T-5, T-6, T-7, T-8, T-9 and T-10
(Figure 38 & 39).
There is healed trauma to the left of the glabella and above the left eye orbit measuring
25.76 by 17.09 mm (Figure 40). There is a postmortem cut to the sternal end of the left clavicle
(Figure 41) and there is postmortem drilling on the left tibia on the anterior proximal side
measuring 41.75 mm apart (Figure 42).
Discussion
With several methods employed to assess age in case #18-188, the conclusion can be
made that this individual was likely between the ages of 30-50 years at time of death. While this
individual is categorized as a middle adult, it was difficult to assess age due to the osteophytes
near and on the auricular surface. Moreover, the manubrium was not fused to the sternum which
further complicated age determination and the autopsy cut may have affected the cranial suture
closure analysis. Age was further complicated with the extreme condition of the teeth exhibited
in this individual. While determining age for this individual was difficult, the revised method for
age estimation from the auricular surface of the ilium was the most accurate method in assessing
age. This is due to the detailed descriptions it provides in determining characteristics of the
auricular surface; the descriptions delineate exactly what microporosity, macroporosity and
transverse organization should look like by every 10%. Furthermore, this method is useful in
that it rates the retroauricular surface, inferior demiface, preauricular sulcus, apex and superior
demiface separately. This creates a composite score which is easier to translate to the Todd
(1920) method for aging using the auricular surface.
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While methods such as cranial suture closure, pubic symphyseal surface and the auricular
surface of the ilium were analyzed, other methods such as epiphyseal closure, sternal rib end and
tooth eruption were not employed in assessing age for case #18-188. Methods involving
epiphyseal closure (Buikstra and Ubelaker, 1994) and tooth eruption (Scott, 1979) were not
analyzed in case #18-188 as this individual is not a subadult. The sternal rib end method was not
analyzed in assessing age for this individual as determining the fourth rib is difficult to identify.
Sex
Based on the os coxae morphology, this individual is a probable male. The most obvious
characteristics include a lack of subpubic concavity, a broad medial surface and a narrow greater
sciatic notch. Based on the skull, this individual is most likely male as well. While this
individual has sharp supraorbital margins, this individual has a glabella, nuchal crest and mental
eminence most characteristic of a male. Due to the measurements of the femur, the maximum
diameter of the femoral head concluded indeterminate sex estimation, the circumference of the
mid-shaft concludes a male estimation and the maximum length of the femur indicates this
individual is of indeterminate sex. The vertical diameter and the maximum length of the
humerus also indicate this individual is of indeterminate sex. This method resulted in an
indeterminate sex determination though the measurements of this individual were greater than
the female estimations. These results may be influenced by the size or short stature of this
individual. Overall, the assessments utilized for sex determination in case #18-188 classifies this
individual as a probable male. These methods are easy to employ and interpret, increasing
confidence in these results.
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Ancestry
Ancestry is usually difficult to determine in an individual with complete certainty. This
is due to populations being the result of globalization and population admixture, which leads to
an issue of representation of standards. Populations that were used to develop the standards
within FORDISC 3.0 may not actually be representative of the individual analyzed for this case
due to background and distance in time. There are furthermore issues with the sample size of
databases such as FORDISC 3.0 and even with a high posterior probability result in the twogroup discriminant function test; the low typicality results suggest that even a high probable
determination is wrong. The typicality results from FORDISC 3.0 suggest the ancestry
estimation may be incorrect as only 0-2.6% of European males sampled actually resembles the
individual from case #18-188. Overall, there are issues with FORDISC 3.0 primarily with
identifying individuals with mixed ancestry. With these limitations being understood, the
ancestry of this individual is likely European.
While the FORDISC 3.0 results may not classify this individual as of European ancestry,
the most accurate methods used to obtain this result were the cranial macromorphoscopics. The
visual assessments conclude this individual is likely European, primarily due to the nasal
aperture. Other methods produced mixed results, however. The nonmetric traits in determining
ancestry based on the cranium predicted an almost even number of characteristics belonging to
Native American, African American and European categories. Yet, the most common
characteristic was still of European ancestry. The last method, ancestry determination using
measurements of the scapula (Krugman, 1962), was the only result to predict an African
American ancestry. However, this method is the most outdated and least utilized for determining
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ancestry within the Forensic Anthropology field. Though the results for ancestry varied, based
on the macromorphoscopics results, this individual is of likely European ancestry.
Stature
The Trotter 1970 method concludes that this individual was likely between 5’3’’ and
5’4’’ tall at time of death. This estimation fits well within the predicted forensic stature of 5’2’’
to 5’8’’ given by FORDISC 3.0. Lastly, the new method of stature estimation (Duyar, 2005)
also estimates this individual was likely between 5’3’’ and 5’4’’ tall at time of death. Since all
these methods conclude the same stature estimation, it is likely this individual was between
5’3’’-5’4’’ tall at time of death however there are limitations for ancestry specific stature
estimates which may make these results less accurate. The new method of stature estimation was
useful in adding additional testing methods for stature as this method has the least amount of
methods applicable to forensic anthropology. However, this method is only relative when
applied to cases with individuals who are either shorter or taller than the standard curve. Thus it
is dependent on the results of other methods.
Dentition
The results conclude that this individual has an extreme amount of wear, caries and
calculus affecting the teeth. It is unclear whether the left and right maxillary and mandibular
molars were removed via tooth ablation or lost due to poor dental health. Many of the absent
teeth such as the molars and the maxillary left first premolar have been healed over suggesting
these teeth were lost significantly prior to time of death. The dental x-rays completed by the
Curry Health Center at the University of Montana indicate that more dental work was completed
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than visible to the naked eye which may aid in providing a positive identification of this
individual.
Pathology & Trauma
The osteoporosis and osteophytes exhibited indicate that this individual was physically
active during their lifetime, especially given the 30-50 years of age estimation. The presence of
these pathologies furthermore may have obscured the age range estimation- making this
individual appear older. Additionally, the processing for case #18-188 may have exacerbated the
osteoporosis displayed throughout the skeletal remains. Lastly, the burr hole or trepanation
located on the frontal bone may be used to identify this individual as there should be medical
records for this procedure. The trauma on the sternal end of the left clavicle and the drill holes
on the left tibia exhibited for case #18-188 is postmortem- likely the result of processing these
skeletal remains.
Conclusion
A forensic analysis was completed for case #18-188 to determine age, sex, ancestry,
stature and dentition along with trauma and associated pathologies. Several methods were
employed to conclude that the human remains are consistent with a MNI of one. The individual
is likely an adult male of European ancestry with an estimated age range of 30 to 50 years at time
of death. This individual has a probable forensic stature of 5’3’’ to 5’4’’. This individual may be
identified by the burr hole or trepanation located on the frontal bone as there are likely medical
records for this procedure.
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Appendix
Table 1: This table illustrates the location of bone lesions in skeletal tuberculosis by order of
decreasing frequency (Roberts and Buikstra 2019, 382).
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Table 2: This table illustrates the location of tertiary syphilitic lesions by order of decreasing
frequency (Roberts and Buikstra 2019, 368).
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Figure 1: Complete skeletal remains for case #18-188.
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Figure 2: This figure shows a circular pathology measuring 12.25 by 15.28 millimeters on the
frontal bone near the coronal suture.
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Figure 3: Illiterates the locations and size of burr hole trepanation.

Figure 4: This figure illustrates how an “S” designation creates an overall age estimation.
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Figure 5: Surface wear scoring system for the incisors, canines and premolars (Scott, 1979).
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Figure 6: Surface wear scoring system for the molars (Scott, 1979).
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Figure 7: This figure illustrates the results of the Klales (2012) method.

Figure 8: This figure illustrates the results of the Walker (2008) method.
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Figure 9: This figure is the result of the FORDISC 3.0 Two-Group Discriminant Functions Test
for ancestry.

Figure 10: This figure illustrates the results of the Macromorphoscopics for ancestry.
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Figure 11: This figure illustrates the results of the OSSA scoring sheet for ancestry.

Figure 12: This figure illistrates the results of FORDISC 3.0 for stature.
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Figure 13: This figure illistrates the analysis of the dental x-rays from the Curry Health Center at
the University of Montana.
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Figure 14: This figure is a dental x-ray for LM1 case #18-188.

Figure 15: This figure is a dental x-ray for the RP2, RM1 and a retained root for RM2 of case
#18-188.
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Figure 16: This figure is a dental x-ray for RM1 for case #18-188.

Figure 17: This figure is a dental x-ray for RM1 for case #18-188.
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Figure 18: This figure is a dental x-ray for LP2 and LM2.

Figure 19: This figure is a dental x-ray for right maxillary central and lateral incisor.
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Figure 20: This figure is a dental x-ray for LI2 and LC1 case #18-188.

Figure 21: This figure is a dental x-ray for RC1 and RP1 case #18-188.
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Figure 22: This figure is a dental x-ray for the right mandibular third molar.

Figure 23: This figure is a dental x-ray for case #18-188 mandibular incisors.
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Figure 24: This figure is a dental x-ray for LC1, LP1 and LP2 case #18-188.

Figure 25: This figure shows osteoporosis on the distal inferior side of the left clavicle.
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Figure 26: This figure shows osteoporosis on the inferior side of the right clavicle.

Figure 27: This figure shows the osteoporosis on the anteroinferior side of the sacrum.
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Figure 28: This figure shows osteoporosis on the posterosuperior left side of the sacrum.

Figure 29: This figure shows osteophytes on the iliac crest of the left os coxae.
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Figure 30: This figure shows osteophytes on the ischial tuberosity of the left os coxae.

Figure 31: This figure shows osteophytes on the preauricular surface of the right os coxae.
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Figure 32: This figure shows osteophytes on the iliac crest of the right os coxae.

Figure 33: This figure shows osteophytes on the ischial tuberosity of the right os coxae.
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Figure 34: This figure shows osteoporosis on the ischial spine of the right os coxae.

Figure 35: This figure shows osteoporosis on the auricular surface of the right os coxae.
47

Figure 36: This figure shows an osteophyte on the spinal process of C-2.

Figure 37: This figure shows osteoporosis on C-3 and C-4.
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Figure 38: This figure shows osteoporosis on T-4, T-5, T-6, T-7, T-8, T-9 and T-10.

Figure 39: This figure shows osteoporosis on T-4, T-5, T-6, T-7, T-8, T-9 and T-10.
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Figure 40: This figure shows healed trauma to the left of the glabella and above the left eye orbit
measuring 25.76 x 17.09 mm.

Figure 41: This figure shows a postmortem cut to the sternal end of the left clavicle.
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Figure 42: This figure shows postmortem drilling on the left tibia on the anterior proximal side
measuring 41.75 mm apart.
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